The control of the temperature of endothermic reactions in flow systems
as a whole were minimized by taking two sets of readings obtained by moving the thermocouple first in one direction and then in the other. The furnace was wound in the way described by Norrish & Wallace (1934) on an externally grooved silica former of pitch ten turns to the inch, using 22 s.w.g. ' Red Fox 135 ' resistance wire. Tappings were made at four points in the winding, so that five sections of lengths 4*3, 4-3, 14*0, 4-3 and 4*3 cm. were formed. With the reaction tube empty the power dissipation in the various sections was adjusted until a fairly even temperature distribution in the central zone was obtained; this is shown as curve (a) in figure 1.
The control of the temperature j f endothermic reactions inflow systems '401 reaction zone -10 cm.----bottom The temperature of the furnace as a whole was controlled by a second chromelalumel thermocouple, the e.m.f. of which was balanced by a potentiometer with a mirror galvanometer as a null instrument. When the temperature fell below the desired value, the light reflected from the galvanometer illuminated a photocell operating a relay circuit which increased the furnace current. With a Cambridge io n d'Arsonval galvanometer, regulation in the empty reaction tube to ± 0-01° C at 800° C could be obtained. The attainment of this degree of regulation is attributed to the absence of any opaque insulating material, such as alundum or asbestos, to prevent direct radiation from the furnace winding to the controlling thermocouple in the centre of the reaction tube. With the reaction tube empty the time elapsing between a small change in the heating current of the furnace and the response of the control circuit was of the order of 1 or 2 sec.; when the reaction tube contained carbon, or any opaque material, the time lag was about 1 min. and the best regula tion which could be obtained was of the order of ± 0-2° C.
I n v e s t ig a t io n o f t h e t e m p e r a t u r e d i s t r i b u t i o n
To study the effect of gas flow, the reaction tube was filled with broken silica, and a current of 1200 c.c./min. of air passed'through it. After readjustment of the furnace, the fairly even distribution shown as curve ( ) in figure 1 The distributions (c) and ( d ) were then obtained by reducin 600 and 200 c.c./min. without altering the setting of the furnace. In these experi ments the temperature as a whole was not controlled, the furnace merely being allowed to attain thermal equilibrium at each of the three rates of flow which were used. It may be seen that the change in the rate of flow did not affect the temperature in the upper part of the furnace, and that in the central zone, although the ternperature as a whole rose as the rate of flow was reduced, the form of the distribution was not much changed. These results suggested that the gas stream probably attained the furnace temperature before it reached the central zone, and that small changes of flow and specific heat were not likely, therefore, to be a serious problem in the establishment of a uniform temperature distribution.
The effect of the heat of reaction was investigated as follows. 29-7 g. of charcoal granules were placed between small pads of asbestos fibre in the middle 10 cm. of the reaction tube, and the furnace adjusted to give an even distribution at about 810° C with a rate of flow of 1200c.c./min. of nitrogen (curve (e), figure 2). Then, keeping the total rate of flow constant, the nitrogen was replaced by various mixtures of carbon dioxide and nitrogen and the temperature distribution redetermined. The distributions (/) and ( g) , obtained with mixtures containing ca partial pressures of 129 and 380 mm. respectively, show that the heat of reaction, although small compared with the power supplied to the furnace (4 and 6 W respec tively compared with 180 W), nevertheless had a very considerable effect on the temperature distribution. Knowing the temperature coefficient of the reaction rate (approx. 2*5 % per ° C) and assuming the lower end of the reaction zone to have been maintained at a constant temperature, it was calculated that the observed rates of reaction were only about 70 % of the values which would have been obtained if a uniform temperature had been maintained. An apparatus in which large errors may arise because the temperature of the reaction zone depends on the rate of reaction is obviously unsuitable for kinetic work; these experiments showed clearly that in a flow system of this kind the control of the temperature at a single point is not adequate to ensure uniform conditions of temperature, even if the furnace is adjusted initially to give a suitable temperature distribution.
A u t o m a t ic c o n t r o l o f t h e t e m p e r a t u r e d i s t r i b u t i o n
The automatic control of the temperature distribution is made possible by the change in the form of the distribution as the net rate of supply of heat to the reaction zone is varied. This may be seen from the curves ( ), ( and (j) in figure 2. The first of these was obtained by adjusting the furnace to give a fairly even distribution with a gas stream containing carbon dioxide at a partial pressure of 380 mm.; the dis tributions ( i) and (j) were obtained with carbon dioxide pressur giving lower and higher rates of reaction respectively. A comparison of these curves shows that in the lower part of the reaction zone the distribution became more concave in form as the rate of reaction was increased. If the furnace had been ideally adjusted so that the distribution for 380 mm. of carbon dioxide had been uniform, then the curve at the lower rate would have been convex in shape and that at the higher rate concave. Now it was known that a convex distribution could be straight ened by decreasing the current through the centre section of the furnace winding and a concave one by increasing the current. A differential thermocouple was therefore used to detect the form of the distribution, and to control it by regulating with an additional relay circuit the power supplied to the centre section of the furnace winding.
The arrangement finally adopted is illustrated in figure 3 . The composite thermo couple T consisted of a single 26 s.w.g. chromel wire with alumel wires of the same gauge welded to it. Except at the junctions the wires were carried in narrow, mul tiple-bore silica tubing, and the whole thermocouple was placed in the central sheath of the reaction tube with its lowest junction at the bottom of the reaction zone. This junction, with the potentiometer P, mirror galvanometer 0 2 and relay 2 404 J. shorting-the variable resistance P7 in series with the furnace windings F, controlled the tempers ture at the bottom of the reaction zone. The e.m.f. between the two lower alumel leads, indicating the nature of the distribution, was applied to the mirror galvanometer 0 1 associated with relay 1; the latter placed an additional resistance P 4 in parallel with the centre section of the furnace winding when the distribution became convex. P 4 was chosen so that the operation of the regulator caused a change of about 20 % in the power supplied to the centre section of the furnace winding. Any tendency for the distribution to fluctuate unsymmetrically could easily be seen from the movement of Ox and corrected by a small adjustment of P 3, the main resistance across the middle section. A form of coupling between the two control circuits was caused by the drop in the effective resistance of the furnace when P4 was in circuit. This was eliminated by introducing a compensating resistance in series with the furnace; P4 and R6 were brought into circuit together by relay 1 and Re was adjusted so that the total resistance remained constant. To minimize interaction in the thermocouple itself, the leads, and particularly the alumel one which is common to both circuits, should have a low resistance. The 26s.w.g. wires constituting the thermocouple were therefore joined as near the furnace as possible to heavier leads of the same materials, and these in turn were soldered to 18s.w.g. copper wire, the copper-chromel and copper-alumel junctions being kept at 0° C. The third junction was added to the thermocouple to indicate on the galvanometer Gz the difference in temperature between the top and bottom of the reaction zone; this difference could be kept small by an occasional adjustment of and R2. The junctions operating the control circuits were placed at the lower end of the reaction zone, since the rates of reaction were greatest,in that region on account of the retarding action of the products formed as the gas stream passed upwards through the charcoal column.
The use of the two control circuits in this way was found to be satisfactory; the temperature distribution was generally uniform to within 2°C and after careful adjustment the variation at any point was of the order of ± 0*5° C. Some typical records of the temperature distribution during the measurements of the rate of the carbon dioxide reaction at a series of pressures and temperatures are shown in figure 2, curves (k), ( l) , (m) and (n); they may be compared with the d above obtained without the differential control. For the steam reaction, the be haviour of the galvanometers indicated that the thermal conditions were equally satisfactory.
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